With the capability of confining light into subwavelength scale, plasmonic tweezers have been used to trap and manipulate nanoscale particles. It has huge potential to be utilized in biomolecular research and practical biomedical applications. In this short review, plasmonic tweezers based on nano-aperture designs are discussed. A few challenges should be overcome for these plasmonic tweezers to reach a similar level of significance as the conventional optical tweezers.
Introduction
In 1970, Ashkin published two letters in Physical Review Letters to demonstrate the radiation pressure from laser beams exerted on particles [1] and atoms [2] . In 1986, he developed the seminal single beam gradient force optical tweezers (OTs) [3] , and he successfully trapped viruses, bacteria and single cells with this technique in 1987 [4, 5] . Inspired by his pioneering work, researchers have utilized OTs to study mechanical properties of biological particles and systems [6] [7] [8] , e.g., torsional compliance of flagella in tethered Escherichia coli and motile Streptococcus [9], tensions of DNA molecules [10, 11] , motions of motor protein myosin-I and kinesin [12, 13] , discrete step motion of RNA polymerase in transcription processes [14] , and topological organization of a T4 lysozyme protein [15] . OTs have also been applied in vivo, e.g., manipulating red blood cells in subdermal capillaries of a living mouse for a potential blockage clearance [16] and manipulating the ear bone of a laver zebrafish [17] . Due to the profound importance of OTs in biological and medical applications, Ashkin won one half of the Nobel Physics Prize in 2018.
OTs can apply pico-Newton scale forces to bioparticles in the range of hundreds of nanometers to a few microns. However, to trap Rayleigh bioparticles well below the diffraction limit (<100 nm), directly using conventional OTs is difficult. First, since the size of the particle is much smaller than the focused laser beam, the amount of light can be used for trapping is limited by the volume of the nanoparticle. Second, the difference between the refractive index of the bioparticle and the aqueous environment is extremely small, which reduces the polarizability of the particle and consequently the optical force. Third, when the size of the particle is reduced, the viscous drag is decreased, which is not favorable. It is extremely important to have stable, non-invasive and flexible techniques to trap and manipulate nanoscale bio-samples in the intracellular environments [18] , so alternative photonic methodologies that could generate nanoscale near fields have been developed [19] . Using evanescent fields, micron and sub-micron particles have been trapped and transported for sorting purposes [20] [21] [22] [23] . Due to the field gradient of the evanescent field only pulling the particle to the surface of the waveguide but pushing the particle along the light propagation direction, 3D nanostructures, e.g., photonic crystals (PCs) cavities [24] and silicon nano-antennas [25] , have been designed to tailor the near fields for 3D light confinements.
Optical Forces
The generation of optical force for OTs and PTs is the same, transferring momentum from a photon to a particle. To have a trap, a strong field gradient is needed. Compared to the wavelength (λ) of the trapping laser, particles are divided into Mie particles (d λ, ray optics), Lorentz-Mie particles ( d ∼ λ, Maxwell stress tensor), and Rayleigh particles (d λ, dipole approximation) for OTs, where d is the diameter of the particle [38] [39] [40] . Optical force applied on Rayleigh particles are discussed for OTs and PTs.
Due to the fact that a Rayleigh particle is much smaller than the diffraction limited focused laser beam for OTs, the particle can be treated as a dipole or a collection of dipoles. Take a spherical particle as an example. The polarizability of the particle can be expressed as in Equation (1), where k is the field wavevector, α 0 is the point-like particle polarizability from Clausius-Mossotti relation [41] , ε 0 , ε and ε b is the vacuum dielectric permittivity, and relative permittivity of the particle and the background medium, respectively. As we can observe that the polarizability of the particle is proportional to the cubic of the diameter of the particle and the difference between the relative permittivity of the particle and the one of the surrounding medium:
Based on the dipole approximation, the time averaged force applied on the particle from the light field is shown in Equation (2), where σ is the extinction cross-section [42] :
The angular brackets denote time average. The first term in Equation (2) is from the intensity gradient which pulls the particle to the highest intensity location. For a particle having a larger polarizability, the gradient force is larger when the same incident intensity is used. The second term corresponds to the radiation pressure which pushes the particle along the light propagation direction. The third term is from the polarization gradient, which corresponds to the chiral optical force that is discussed in Section 2.2. As we can observe from this equation, the intensity gradient force is proportional to the polarizability of the particle and intensity of the field. When the size of the particle is reduced 10 times, 1000 times higher intensity is needed to maintain the trap at the same potential depth. To compare the trap stiffness among different OTs and PTs, the radius and dielectric constant of the particle should also be factored out when the same incident intensity is used.
Since the nanoscale enhanced near fields generated by PTs having similar size as the nanoparticles, dipole approximation is not viable. Maxwell stress tensor (MST) ↔ T is used to obtain the optical force applied on the nanoscale particle from this arbitrary electromagnetic field as shown in Equation (3) [43] . The integral is taken over a surface S enclosing the particle, and n(r) is the outward unit vector normal to the integration surface. Besides a few cases that involve simple plasmonic designs [44] , it is extremely difficult to have analytical results of optical forces. To obtain as large field gradients as possible, most designs of PTs contain very complicated and irregular 3D geometries. Numerical simulation is mainly used to obtain the near field distribution. Finite element method (FEM) [45, 46] and finite-difference time-domain (FDTD) [47] method are the most used simulation strategies:
In this section, self-induced back-action (SIBA) effect and chiral optical forces are discussed as the extensions of PTs using linear momentum transfer.
Self-Induced Back-Action Effect
Although the enhanced near field can be used to provide nanoscale gradient field for nanoparticle trapping and nano-aperture designs can avoid the heat accumulation, other possible damage e.g., photo damage still presents. A novel trapping mechanism is needed to provide similar level of trap stiffness at an extremely low intensity. The self-induced back-action (SIBA) effect is a trapping mechanism utilizing the trapped particle as an active role to modify its own trapping potential dynamically. The presence of the particle shifts the resonance frequency of the trapping system and this shift is dynamically decided by the position of the nanoparticle in the plasmonic cavity. Compared to the trapping mechanism based on the field gradient (static trapping), trapping using a SIBA effect is dynamic and an off-resonance frequency is used. SIBA based on planar PC cavities was theoretically proposed by Barth and Benson in 2006 [48] . In 2009, the SIBA phenomenon was demonstrated by using a nanohole in a metal thin film on trapping single 50 nm polystyrene particles with 1.9 mW incident power [49] . In 2013, experimentally using PCs to trap 500 nm dielectric particles with SIBA effect was achieved by Descharmes et al. using a waveguide power lower than 0.12 mW [50] . The presence of the particle at position r in a plasmonic adiabatic cavity causes a shift in the resonance frequency, δω(r) = ω c (r) − ω c,0 and the intra-cavity intensity profile I(r) is expressed as Equation (4), where ω is the frequency of the trapping laser, Γ is the empty cavity linewidth, ω c,0 is the resonance frequency of the empty cavity, ∆ ≡ ω − ω c,0 is the cavity detuning, I opt ≡ I 0
2 is the empty cavity profile when there is no particle presence in the cavity, I 0 is the incident intensity, and a Taylor expansion is used to expand the modified cavity profile [51] . When the particle cannot shift the resonance frequency large enough, Equation (4) reduced to I opt , since the particle influence on the system is negligible. Then, we discuss the cases when the particle can introduce significant resonance frequency shift to the plasmonic cavity:
Since the trap stiffness is proportional to the intensity of the intra-cavity intensity, the total trap stiffness, k tot , can be expressed as in Equation (5) when only the first two terms in Equation (4) are considered when δω(r) is much smaller than ω c,0 :
where k opt depends on the empty cavity resonance profile and k SIBA originates from the coupling between the motion of the particle and the resonance of the plasmonic cavity. Since a bioparticle always have a slightly higher refractive index compared to an aqueous surrounding, δω is always positive. To make the second term positive, ∆ needs to be negative. A red cavity detuning (ω < ω c,0 ) should be selected to generate a positive SIBA effect. Examine the expression of k SIBA in Equation (4), when ∆ = δω(r max ) is satisfied the value of k SIBA is maximized and this position is defined as resonant position of the particle. The definition of the back-action parameter is shown in Equation (6), where V m is the mode volume and Q is the quality factor of the empty cavity [52] . This parameter is predefined by the properties of the particle and the plasmonic cavity. This parameter also can be understood as the capability of the particle in shifting the resonance frequency of the plasmonic cavity. In a different position, the particle will generate different values of δω(r) as in Equation (7), where 0 ≤ f (r) ≤ 1 is a normalized spatial intensity profile of the empty cavity and it follows the resonance symmetry of the plasmonic cavity. To have a large ν parameter, the plasmonic cavity should be designed with a large Q and a small V m . For a fixed working environment (i.e., background medium, nanoparticle and plasmonic cavity), a proper value of detuning ∆ should be selected:
2δω(r) Γ = −ν· f (r).
To understand the SIBA effect, the number of photons in the cavity can be examined to demonstrate the change in the momentum that transferred to the particle from the photons. In Equation (8), p is the momentum of the particle, is the reduced Planck constant, and n(r) is the number of photons in the cavity that is decided by the position of the particle and can be expressed in Equation (9), where Γ ex denotes the source of the injection of photons into the cavity at an incident intensity I 0 at laser frequency ω and the decay rate of the cavity into specific external channels. When the particle is located at the resonant position and ∆ = δω(r max ) is satisfied, then the number of photons in the cavity is also locally maximized. In addition, the strongest gradient force is generated to trap this particle. When the particle is getting closer to a resonant position, a deeper potential will be generated to suppress the Brownian motion of the particle. Compared to a trap (static type) working at the resonance condition, the time averaged intensity experienced by the trapped particle is much lower since, most of the time, the system is not at resonance due to the detuning. This dynamic trapping mechanism protects the trapped particle from possible photo damage:
Polystyrene particles with 22 nm diameter have been successfully trapped with SIBA effect at 2.5 mW [53] . For smaller biomolecules, e.g., proteins in a few nanometers, advanced designs of plasmonic cavities are needed to provide a large quality factor and a small mode volume to boost the back-action parameter. This novel trapping mechanism is quite important. A slightly red-detuned laser beam with an extremely low incident power can provide deep potential dynamically to trap and manipulate nanosize bioparticles without thermal nor photonic damage.
Chiral Optical Force
Angular momentum also can be transferred to a non-chiral particle to make it spin or rotate. More important for chiral particles, a right-handed one and a left-handed one experience chiral optical forces in the opposite directions. This phenomenon is important to separate particles with different chiralities. For example, a protein could become toxic to a cell if it loses its original chirality and this process has been suggested as one of the underlying causes of Alzheimer's, Parkinson's and type II diabetes [54] . Besides sensing the chirality of these proteins, to separate the misfunction proteins at each stage of a disease could be meaningful to design specific drugs to target these proteins at different stages. In addition, for enantiopure drugs that target specific cellular receptors, the correct chirality is a guarantee to provide effective therapy at the molecular level. This separation mechanism could be used as quality control methodology.
A chiral particle can be modelled as a pair of interacting electric and magnetic dipoles, and this interaction can be expressed with a polarizability α em , as shown in Equation (10), where κ is the chirality of the particle, µ and µ b is the relative permeability of the particle and background medium, respectively. Then, the third term in Equation (2) can be modified to Equation (11) for transverse optical force of the chiral optical force. Here, the curl-spin force and vortex force are negligible for nanoscale bioparticles when the trapping laser frequency is selected in the visible and near infrared regimes, which is most of the circumstances to avoid the background medium absorption. Since κ could be positive or negative, this chiral gradient force could be addition or subtraction to the intensity gradient force, and particles with difference chirality can be separated [55] :
Alizadeh and Reinhard theoretically proposed using chiral SPPs based on metal thin films to generate transverse spin angular momentum (SAM) for right-and left-handed molecule separation [56] . The proposed chiral molecule separation scheme is as follows. A left-handed circularly polarized dipole was used as the source. Figure 1a demonstrates the generated chiral transverse forces on two different chiral helix tubes. They have a radius of 2.5 nm, a period of 7.5 nm, five loops and different handedness. They were put 500 nm away from the near field chiral source along x-axis and 10 nm above the metal surface along the z-axis. In Figure 1b , the distribution of SAM in the x-y plane is demonstrated with the amplitude as the background. In Figure 1c , the forces applied on these tubes when they were on the positive x-axis are plotted. Forces along the y-axis have opposite signs for rightand left-handed helix tubes. When particles were on the positive y-axis, opposite forces along the x-axis for two helices are observed in Figure 1d .
Using these chiral optical forces, it is possible to integrate sorting channels to separate bio-and medical molecules with different chirality. Other designs were also proposed for the particle separation function using chiral optical forces [57, 58] . Currently, experimental work has not been successfully conducted to our knowledge, while plasmonic designs have already been applied in sensing the chirality of proteins [59] . 
Major Designs
A few major designs of PTs and examples of experimental works are covered in this section. To compare the trapping performance, the scaled trap stiffness at 1 mW/μm incident intensity is usually used. Size dependent factor is (×20 nm/d) 3 and refractive index factor is Clausius-Mossotti relation with polystyrene material as the reference [60] .
Single Nanoholes
Single nanoholes were applied in DNA trapping by Kim and Lee in 2014 [61] . Both 4.7 kbp plasmid DNAs and 48 kbp DNAs were trapped by 400 nm diameter holes in 100 nm thick gold films. The extraordinary transmission (EOT) phenomenon was used to generate near fields for PTs. The transmission intensity from a 1050 nm trapping laser was monitored. In Figure 2a 
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Single Nanoholes
Single nanoholes were applied in DNA trapping by Kim and Lee in 2014 [61] . Both 4.7 kbp plasmid DNAs and 48 kbp DNAs were trapped by 400 nm diameter holes in 100 nm thick gold films. The extraordinary transmission (EOT) phenomenon was used to generate near fields for PTs. The transmission intensity from a 1050 nm trapping laser was monitored. In Figure 2a This work demonstrates the potential of PTs in distinguishing DNAs with different lengths by monitoring the transmission signal. Since the light confinement from a nanohole structure is not as strong as sharp tips contained nanostructures, nanoholes are not good candidates to trap nanoscale bioparticles.
Bowtie Nano-Apertures (BNA)
Bowtie nanostructure is the most used plasmonic design in sensing and trapping with localized surface plasmons (LSP), since they can provide strong light confinements between the two sharp tips. They have been used to trap and manipulate nanoscale particles [62] [63] [64] , but the heating accumulation could be an issue for stable trappings and the bio-sample integrity [65] .
Similar to the protruding bowtie nanostructures, bowtie nano-apertures (BNAs) also can be used to generate strong confinements which provide large near field gradients for optical trapping. Similar to monitoring transmission to detect trapping events, the second harmonic (SH) signal from the PTs was used to identify successful trappings by S. J. Yoon et al. [66] . The presence of the trapped nanoparticle enhances the field distribution near the tips and thus the SH signal is enhanced. The SH signal is quadratic dependent on the intensity and an optical filter which blocks the transmitted laser beam can be used to collect the SH signal. This methodology is more sensitive than the transmission measurement. The scheme of nanoparticle trapping and SH signal for monitoring purposes is shown in Figure 3a . The BNA was designed in a 100 nm thick gold film deposited on a SiO 2 substrate. Two apexes were tailored in 3D. The plasmonic resonance (λ ω ) of this system in water was 1560 nm. A CW (continuous wave) laser at 1560 nm was used as the trapping light source and a femtosecond pulsed laser at 1560 nm was used as the SH pump source. The simulated near field distribution is shown in Figure 3b . The maximum enhancement is perpendicular to the surface of the gold thin film and the SH signal (λ 2ω = 780 nm) can be generated from the gold surface where the inversion symmetry is broken. In Figure 3c , SEM images of a fabricated BNA are demonstrated. CdSe/ZnS (diameter~4.0 nm, λ em~6 20 nm, not excited) quantum dots were successfully trapped. Figure 3d ,e are the plots of SH signal intensity with fixed pump power at 4 mW when two trapping powers at 10 mW and 40 mW were used. Figure 3f ,g are the corresponding transmission intensity plots. As expected, the presence of the quantum dot affected the distribution of the near field, and the SH signal and transmission signal were both modified. Three gaps of 5 nm, 8 nm, and 10 nm were tested. For 5 nm gap size BNA, the largest change in SH and transmission signal was observed. Spikes in both signals demonstrate that the quantum dot oscillated in the gap region.
BNAs have also been applied in trapping 20 nm polystyrene particles with a SIBA effect [67] and quantum dots [68] . Although the transmission and SH signal from PTs can be monitored to identify trapping events for nonfluorescent particles, this type of detection methodology is not good enough since no comprehensive information of the trapped particle can be provided. Utilizing the enhanced near field, specific light-matter interactions, e.g., Raman scattering, can be applied to identify the trapped particle when a long, stable trapping can be achieved. Although the SH signal from PTs, not the trapped particle, was utilized, their research expands the monitoring methods for nanoscale particles trapping.
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Double Nanoholes
Double nanoholes are the most used nanostructures for PTs [69] . Using a double nanohole with 15 nm gap, Reuven Gordon's group have trapped single BSA protein (~3.4 nm) between the two tips in 2012 [70] . They also observed the unfolding process of a trapped protein by changing the PH value of the solution and changing the laser power. Besides the BSA protein, they have trapped and manipulated DNAs [71] and single egg white protein [72] , and examined biotin−streptavidin, biotin−monovalent streptavidin, and acetylsalicylic acid−cyclooxygenase 2 interactions [73] . As shown in Figure 4 
Double nanoholes are the most used nanostructures for PTs [69] . Using a double nanohole with 15 nm gap, Reuven Gordon's group have trapped single BSA protein (~3.4 nm) between the two tips in 2012 [70] . They also observed the unfolding process of a trapped protein by changing the PH value of the solution and changing the laser power. Besides the BSA protein, they have trapped and manipulated DNAs [71] and single egg white protein [72] , and examined biotin−streptavidin, biotin−monovalent streptavidin, and acetylsalicylic acid−cyclooxygenase 2 interactions [73] . As shown in Figure 4 , an experimental trapping scheme is demonstrated on the left side. On the right side, the top figure is an SEM image of a double nanohole and the bottom figure is the transmission signal. With a protein trapped, the transmission signal was increased due to the locally increased refractive index introduced by the presence of the protein. Two states of the protein were observed since the unfolded protein occupied more volume between the two tips. Using the transient time (τ) of the upward steps in the transmission signal, the trap stiffness of these PTs can be calculated using Equation (12) [60] :
where k is the trap stiffness and γ is the Stokes drag coefficient. Modified double nanohole design-arrays of nanoholes connected along one direction were used in trapping multiple 30 nm polystyrene particles and sequence trapping events were observed with multiple upward steps in the transmission signal [45] . Adapted from [70] with permission @ 2011 American Chemical Society.
Annular Apertures
To achieve an even tighter light confinement, the atomic layer lithography methodology was invented to fabricate sub-10 nm gaps in 2013 [74] . The simulation work of sub-10 nm coaxial plasmonic aperture on trapping sub-2 nm particles was conducted by Saleh and Dionne in 2012 [75] . In 2018, Yoo et al. achieved 10 nm annular apertures and trapped streptavidin molecules (molecule size ∼4.5 nm × 4.5 nm × 5.8 nm) with 4.5 mW incident power [76] . As shown in Figure 5a ,b, the simulated thermal accumulation is plotted for a standing along bowtie structure and a coaxial aperture. It is evident that an aperture design does not have strong heat accumulation due to the heat dissipation through the metal thin film. An optical image of the fabricated 10 nm gap coaxial aperture array is demonstrated in Figure 5c . The inset is an SEM image of an annular aperture. The trapping scheme is demonstrated in Figure 5d . Transmission detection technique was used to monitor the trapping events. As mentioned in Section 2.2 of chiral optical force, this design can be used to separate chiral molecules. In Table 1 , trap stiffness based on different nanotweezers are listed to roughly compare their experimental performance on nanoscale particle trapping. Tweezers based on PCs and plasmonics are both listed to demonstrate their developments and to compare their trapping performance. For a particle with 20 nm diameter, current PTs can experimentally provide trap stiffness around 0.1 fN/nm with 1 mW/μm incident intensity. Although nanoparticles in a few nanometer diameters can be experimentally trapped, repeatability still needs to be improved. An extremely stable trapping environment is mandatory to trap nanosize bioparticles. Adapted from [70] with permission @ 2011 American Chemical Society.
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To achieve an even tighter light confinement, the atomic layer lithography methodology was invented to fabricate sub-10 nm gaps in 2013 [74] . The simulation work of sub-10 nm coaxial plasmonic aperture on trapping sub-2 nm particles was conducted by Saleh and Dionne in 2012 [75] . In 2018, Yoo et al. achieved 10 nm annular apertures and trapped streptavidin molecules (molecule size ∼4.5 nm × 4.5 nm × 5.8 nm) with 4.5 mW incident power [76] . As shown in Figure 5a ,b, the simulated thermal accumulation is plotted for a standing along bowtie structure and a coaxial aperture. It is evident that an aperture design does not have strong heat accumulation due to the heat dissipation through the metal thin film. An optical image of the fabricated 10 nm gap coaxial aperture array is demonstrated in Figure 5c . The inset is an SEM image of an annular aperture. The trapping scheme is demonstrated in Figure 5d . Transmission detection technique was used to monitor the trapping events. As mentioned in Section 2.2 of chiral optical force, this design can be used to separate chiral molecules. In Table 1 , trap stiffness based on different nanotweezers are listed to roughly compare their experimental performance on nanoscale particle trapping. Tweezers based on PCs and plasmonics are both listed to demonstrate their developments and to compare their trapping performance. For a particle with 20 nm diameter, current PTs can experimentally provide trap stiffness around 0.1 fN/nm with 1 mW/μm incident intensity. Although nanoparticles in a few nanometer diameters can be experimentally trapped, repeatability still needs to be improved. An extremely stable trapping environment is mandatory to trap nanosize bioparticles. In Table 1 , trap stiffness based on different nanotweezers are listed to roughly compare their experimental performance on nanoscale particle trapping. Tweezers based on PCs and plasmonics are both listed to demonstrate their developments and to compare their trapping performance. For a particle with 20 nm diameter, current PTs can experimentally provide trap stiffness around 0.1 fN/nm with 1 mW/µm 2 incident intensity. Although nanoparticles in a few nanometer diameters can be experimentally trapped, repeatability still needs to be improved. An extremely stable trapping environment is mandatory to trap nanosize bioparticles. 
Outlook
Using PTs to trap nanoscale particles, enhanced sensing is provided naturally by the nanoscale enhanced near fields [80] . Nanometric PTs based on nano-aperture designs also provide simplicity to be integrated on a chip that could contain sources, modulators and detectors. Compared to nanotweezers based on dielectric materials, PTs based on conductive materials have another attractive feature, i.e., electrical conductivity. PTs can be combined with other long-range trapping techniques and the resonance can be tuned electrically. PTs have huge potential to be integrated on lab-on-a-chips as miniaturized instrumentations used in bio-and medical molecules research and practical applications.
Multifunctional PTs
Since PTs are based on conductive materials, electrophoresis (EP) [81] and dielectrophoresis (DEP) [82] [83] [84] [85] [86] can be applied to transport particles from the far field to the optical near field to feed PTs [87, 88] . Using this combination, no extremely long waiting time is needed when extremely low concentration solutions are used. Another advantage of this combination is that comprehensive information can be detected for the particle [89] . Usually, when a dielectric particle is trapped in the aperture, the electrical current is decreased, and this difference can be used to characterize the size of the particle.
It is also intriguing to use 2D materials for PTs. Graphene is considered as a good plasmonic materials with an extremely high intrinsic electron mobility [90, 91] , high transparency in a broad spectrum [92, 93] , and high thermal conductivity [94] . A nanohole in graphene was proposed for PTs and compared to the same design based on gold thin films [95] . To our knowledge, there is currently no experimental work on nanoscale bioparticle trapping using graphene based PTs.
Dynamically tuning the plasmonic resonance is another important characteristic for the future PTs. The carrier density of the graphene that decides the resonance frequency can be externally controlled by a gate voltage [96, 97] . Dynamically tuning the resonance frequency alters the local field enhancement and the force applied on the particle [95] . With this feature, particles can be trapped and released by slightly tuned the gate voltage theoretically.
Challenges
There are still challenges for PTs to conquer to achieve a similar level of significance as the conventional OTs.
Multiple trapping sites can be achieved and the distances among them can be modified dynamically through various optical methodologies for OTs [98, 99] . Using this feature, interactions between the trapped micron biological particles have been examined and the micron robot has been assembled [100, 101] . Unlike conventional OTs, the distance among different trapping sites is fixed for PTs after the fabrication process. A possible solution is using chiral optical force. With the combination of rotation and linear motions, it might be possible for a nanoscale robot to be assembled. To directly stretch a DNA or unfold a protein to explore their intrinsic properties in their natural environments is not possible based on current PTs designs. Studying bioparticles without using handles nor labels is important, and using PTs is the most possible strategy to achieve this ultimate goal.
Another challenge stays in the force calibration for the nanoscale, irregular shape bioparticles. For most of the simulation work, the bioparticles are treated as spheres and biomolecules are treated as dipoles. This is not good enough to provide guidance for the experimental work. In addition, most of the experimental work demonstrated successful trapping events without trap stiffness determined. Currently, PTs are mainly used to demonstrate that it can be used as tweezers to trap nanoscale particles. However, the force characterization ability has not been developed to understand the mechanical properties of the biomolecules and bio-reactions.
Conclusions
With further developments in the fabrication and simulation, these challenges could be solved, and PTs integrated with other techniques, e.g., microfluidics and EP/DEP, would play an important role in the future biomolecular research and medical applications. 
